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Abstract
We study a known class of scalar dark energy models in which the
potential is of exponential type and the current accelerating era is
transient. We find that, although a decelerating era will return in
future, however, when extrapolating the model back to the earlier
stages (z & 4), the scalar dark energy becomes dominant over the
matter. So these models do not have the desired tracking behavior,
and the predicted transient period of acceleration can not be adopted
into the standard scenario of Big Bang cosmology. When couplings
between the scalar field and the matter are introduced, the models
still has the problem, only the time of deceleration return will be
varied. To achieve re-deceleration, one has to turn to alternative
models that are consistent with the standard Big Bang scenario.
1. Introduction
Cosmological observations have indicated that the universe is now in an ac-
celerating expansion [1, 2, 3, 4, 5, 6]. Within the framework of general relativity,
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the cause of acceleration can be attributed to the existence of some dark energy,
which makes up ∼ 70% of the total cosmic energy in the Universe. There are
a number of possible candidates as the dark energy driving the accelerating ex-
pansion. The simplest one is the cosmological constant Λ, which, however, has
the fine-tuning difficulty and the coincidence problem [7]. To overcome these
difficulties within the framework of the theory of general relativity, dynamic dark
energy models have been proposed, among them, one type is based on some
scalar field, such as quintessence [8], phantom [9], k-essence [10], Tachyon field
[11], quintom [12], Chaplygin gas [13], and other type is dynamic vector models
based upon the Yang-Mills fields [14, 15, 16].
So far, there is no observational evidences whether the current cosmic ac-
celeration is eternal or transient. Recently, the analysis of combined data of SN
Ia+BAO+CMB made in Ref. [17] seems to indicate that the acceleration is slow-
ing down. Most of dark energy models predict a scenarios that the acceleration
will be eternal. As is known, in such an eternally accelerating universe, there is
an event horizon, and causality exists in a limited spacetime. From the perspec-
tive of string theory, an asymptotically large space at infinity is required for the
existence of conventional S-matrix, whose elements are connected with physical
observables. Therefore, S-matrix is ill-defined in an eternal accelerating universe
[18]. If one wants to save string theory as a theory of physics, one has to either
look for alternatives to the conventional S-matrix, or to construct cosmological
models, in which the current acceleration is a transient one and the decelerating
expansion will eventually return.
Several dynamic dark energy models have been proposed to achieve the pos-
sibility of cosmic expansion that is accelerating currently, then will be decelerat-
ing in the future [19, 20, 21, 22, 23]. One model was explored in the context
of (4 + n)−dimensional gravity compactified on an n-dimensional time-varying
compact manifold [19]. A class of braneworld models were also shown to admit a
transient acceleration in certain regions of model parameters [20]. The transient
acceleration was also examined in a scalar cosmological model in d-dimensions
with exponential potentials, and a general solution was obtained flat Robertson-
Walker metric [21]. An extension was made to the case with a generalized expo-
nential potential of scalar field [22, 23]. Scalar fields with exponential potentials
can occur generically in certain theories of particle physics, such as Kaluza-Klein
theory with extra dimensions compactified [24], supersymmetry theories [25],
and higher order gravity [26], and have been extensively studied in more general
context for dark energy or for inflation as well [27, 28].
It is interesting to explore the possibility of transient acceleration in these
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general cosmological models. In particular, we want to check if these models
can be extended to earlier epochs and consistent with the standard Big Bang
scenario as a realistic dark energy model should be. So far in these scalar models
of transient acceleration, either the cosmic matter component was not taken
into consideration, or the dark energy was assumed to be independent of the
matter. In the time-dependent Λ(t) model [29] and the fluid dark energy model
[30], interactions are introduced between dark energy and matter. Although so
far there has not been any observational indication of a coupling between the
dark energy and the matter, the dark energy as a dynamic scalar field could have
interactions with other components, such as the matter. We will also study the
models with coupling between scalar dark energy and matter, and to examine
the impacts of the coupling upon the dynamic evolution behavior.
2. The coupling model
We consider a spatially flat (k = 0) Robertson-Walker spacetime with a
metric ds2 = dt2 − a2(t)dx2. The lagrangian of the scalar field that drives the
acceleration is given by L = 1
2
∂µφ∂µφ− V (φ). The energy density and pressure
are ρφ =
1
2
φ˙2 + V (φ), pφ =
1
2
φ˙2 − V (φ), and the equation of state w = pφ/ρφ.
The dynamic expansion of universe is determined by the Friedmann equations:
H2 =
8piG
3
(ρφ + ρm + ρr), (1)
a¨
a
= −4piG
3
(ρφ + 3pφ + ρm + ρr + 3pr), (2)
where H = a˙/a is the expansion rate and its present value H0 is the Hubble
constant, ρm and ρr are the energy density of matter and radiation, respectively.
The equations of evolution of the three components are given by
ρ˙φ + 3H(ρφ + pφ) = Q, (3)
ρ˙m + 3Hρm = −Q, (4)
ρ˙r + 4Hρr = 0, (5)
where the coupling Q is a generic coupling term and has a meaning of the energy
exchange rate between the dark energy and matter. The non-coupling model is
Q = 0. When Q > 0, the matter transfers energy into the dark energy. When
Q < 0, the dark energy transfers energy into the matter. We do not include the
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coupling between the dark energy and the radiation, which will not affect the
following conclusion. Eq.(2) can be derived from from the set of equations (1),
(3), (4) and (5). It has been shown that, in absence of the matter component in
the non-coupling model [21, 22], for the current accelerating stage of expansion
to be transient, i.e., for the expansion to turn into decelerating again, the scalar
field potential V (φ) can take on the following form:
V (φ) = ρφ 0[1−
λ
6
(1 + α
√
σφ)2)] exp [−λ√σ(φ+ α
√
σ
2
φ2)], (6)
where ρφ 0 is a constant energy density, σ = 8piG/λ, and α and λ are two
dimensionless, positive parameters of the model. In the context of this paper,
they can take values around α, λ ∼ 1. In the limit α→ 0 the potential in Eq.(6)
reduces to an exponential potential, V (φ) = V0 exp [−
√
8piGλφ], a case that
was examined in Ref.[21].
For convenience of computation, it is simpler to rewrite the set of equations,
Eqs.(1), (3), (4), in the following form,
h2 =
U(y) + x
1− 1
2
( dy
dN
)2
, (7)
d2y
dN2
− 3
2
(
dy
dN
)3 + 3
dy
dN
= (
Γ
dy
dN
+ 1.5
dy
dN
x− U ′(y))h−2, (8)
dx
dN
= −Γ− 3x, (9)
where h ≡ H/H0, N ≡ ln a(t) = − ln(1 + z), y ≡
√
8piG
3
φ, x ≡ ρm/ρc,
Γ ≡ Q/Hρc, and U(y) ≡ V (φ)/ρc. All of these quantities are dimensionless.
Specifically, we take the model with Ωφ = 0.73 and Ωm = 0.27 at z = 0.
The corresponding initial condition at z = 0 is xi = 0.27, and φi = 0 and
φ˙i =
√
λρφ0/3. The dynamical equations is then solved in the presence of
matter component and radiation, yielding a transient acceleration about z = 0
followed by the deceleration for the following three typical cases. Note that the
parameter range of λ and α for a transient acceleration in our model differ from
those in Refs.[21, 22], which assumed the absence of matter.
For the non-coupling case Γ = 0, Fig.1 shows the evolution of energy densi-
ties, ρφ(t), ρm(t), and ρr(t), and Fig.2 shows the evolution of the deceleration
parameter q(z) = −a¨/aa˙2 for various values of the parameter α, larger values
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of α > 0 yield a shorter period of transient acceleration and an earlier return of
deceleration. The special case with α = 0 corresponds to the the exponential
potential [21], in which the current acceleration is eternal and deceleration will
not return.
Fig. 3 show ρ(t), and Fig. 4 show q(z) for the coupling model with the
scalar field transfers energy into the matter, in which the rate is taken to be
proportional to the matter density, Q ∝ −Hρm, i.e., Γ ∝ −x. The dependence
upon Γ is demonstrated in Fig. 4, and larger values of Γ yield an earlier return
of deceleration.
Figs. 5 and 6 show the results for the coupling model in which the matter
transfers energy into the scalar field with Γ ∝ x. The dependence upon the
parameter λ is demonstrated in Fig. 6, and larger values of λ yield a shorter
period of transient acceleration.
In these plots we extrapolate the model to earlier era. Figs.1, 3, and 5 reveal
that, when the models are extrapolated back to the early stages, ρφ(t) will be
dominant over ρm(t) and ρr(t), i.e., the φ field is dominant over the matter, and
has w = 1 with ρφ(t) = pφ(t) ∝ a−6(t), a feature that has been known [27]. The
model predicts a scalar field dominated era for a range of redshift z > za, where
za is some value ∈ (4 ∼ 20), depending upon the sign and value of Γ and upon
the model parameters. This kind of dynamic behavior for the early era deviates
drastically from the scenario of the standard cosmology. Therefore, the class of
models with exponential potential for a transient acceleration can be pertinent
only for rather recent era during the matter domination stage. They cannot
account for the early expansion of the Universe with z > za. The standard Big-
Bang cosmology has a scenario that the matter component should be dominant
in the past up to the radiation-and-matter equality at a redshift z ∼ 3450 [31],
and the acceleration era starts rather recently around z ∼ 0.5. The whole class
of models, either Γ = 0, or Γ > 0, or Γ < 00, have this difficulty. To be
concordant with the Big Bang scenario in this class of models, one would have
to choose a smaller initial value of ρφ, so that ρφ(t) is subdominant to ρm(t)
during the radiation or matter dominated era. Just as investigated in Refs.
[32, 33], by constructing the so-called quintessence φ with a double exponential
potential V (φ), one can achieve such a scaling solution followed by an exit
into the accelerating expansion. However, as we have just shown, the dynamic
evolution of this double exponential quintessence does not automatically ensure
a proper future deceleration. If one still wants to achieve a transient acceleration,
one has to use the double exponential quintessence for the scaling stage and the
exit stage, and probably employ another new field for the return of deceleration,
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as in Refs. [21, 22]. Still, one would have to give a physical motivation for such
an artificial connection. It is still premature yet to compare the above models
with the observed data of cosmology, such as SN Ia [2], CMB [34], and BAO
[35]. We mention that the fluid dark energy model with a transient acceleration
[30] would also face the same problem as the above.
4. Conclusion
We have explored the possibility of transient acceleration in a class of scalar
dark energy models with exponential potentials in the presence of the matter and
radiation components. By the detailed examinations for three cases, the non-
coupling with Γ = 0, the coupling with Γ < 0, and the coupling with Γ > 0, we
find that this class of models with exponential potential can provide a transient
period of acceleration. However, extrapolating back to the earlier era of redshifts
z & 5 (Γ = 0), or z & 4 (Γ < 0), or z & 20 (Γ > 0), respectively, the scalar
energy ρφ(t) will be dominant over the matter and radiation and the scaling of
behavior is lost too soon. This would be inconsistent with the standard Big-
Bang cosmology, in which the matter-dominated era extends from z ∼ 3450
up to z ∼ 0.5. The coupling between the scalar dark energy and the matter
brings only minor modifications to the dynamic expanding behavior. A greater
value of Γ tends to yield a shorter period of acceleration and an earlier return of
deceleration.
Therefore, as they presently stand, this class of models with exponential
potentials can be only used at most from more recent past around low redshifts.
In order to have a viable model of transient acceleration, one has to either use
the exponential scalar potential to construct more sophisticated models with a
proper dynamic behavior at high-z, or to seek other models.
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Figure 1: ρ(t) in non-coupling model with Γ = 0. Notice that ρφ dominates
ρm and ρr for z & 5, which is not compatible with the Big-Bang cosmology.
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Figure 2: A transient acceleration is shown by the deceleration parameter
q(t), which is negative within a ∼ (0.6, 2.5) for α = 0.15. A greater α yields
a shorter duration of acceleration and an earlier return of deceleration.
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Figure 3: The model Γ < 0. ρφ dominates ρm and ρr for z & 4.
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Figure 4: q(t) for various values of Γ < 0. q(t) is negative within a ∼ (0.5, 5).
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Figure 5: The model Γ > 0. ρφ(t) dominates ρm and ρr for z & 20.
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Figure 6: The Γ > 0 model for various λ. q(t) is negative within a ∼ (0.5, 2.7)
for λ = 0.4. A greater λ yields a shorter duration of acceleration.
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